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ABSTRACT 
The impact of stress on performance is well known in many fields, such as sports, but it is also important to industry in 
emergency response management where the consequences of poor decision-making may result in unnecessary loss of life, 
financial cost, or environmental impact.  This paper presents a cognitive framework, derived from current understanding 
of cognition and educational research into stress training, and suggests 7 ways to reduce the effect of stress on decision-
making in emergency response management.  These pedagogical suggestions are illustrated with examples taken from 3 
simulation-learning environments for emergency response training in the chemical, nuclear power and transport 
industries.  This framework is intended to improve the understanding and professional practice of designers of simulation 
learning environments, and to make the findings of cognitive psychology and educational research more accessible. 
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1. INTRODUCTION 
This paper is concerned with the application of cognitive theories of knowledge and skill acquisition and use 
to the pedagogical design of industrial workplace training.  Specifically, to the design of simulation-learning 
environments within the domain of emergency-response management.  The simulation of complex and 
dynamic real-world domains allows learners to acquire necessary knowledge and skills while actively solving 
problems without the risks and costs of training in the real world.  Within the domain of emergency response 
management it is particularly difficult to build up experience in managing major incidents that are hopefully 
rare, e.g. Chernobyl nuclear incident, the Flixborough chemical incident and the London Underground fire at 
Kings Cross.  The focus is on situations where stress has an effect on decision making, i.e. emergency 
response situations in the military, industry and emergency services. While the content and specific 
pedagogical goals may differ, each of these areas must also take into account the effects of stress on human 
decision making processes.  The aim of this paper is to improve understanding of the effects of stress by 
creating a framework for design derived from evidence and theories from cognitive psychology and 
educational research.  The theoretical framework is intended to assist designers of simulation learning 
environments and is applicable to any domain where stress affects decision-making.  The framework has two 
functions, to provide an understanding of the effects of stress on decision-making, and to identify seven key 
issues that should be considered.  Much of the research has been carried out in a military context where stress 
is considered an important factor but it is equally important in civilian emergency response management. 
This framework arose out of the analysis and design of 7 simulation learning environments in the field of 
emergency response management within the chemical, nuclear power and transport industries undertaken as 
part of two collaborative projects partially funded by the European Community.  The first project ETOILE 
(Dobson et al 2001) investigated team training and the development of shared mental models of the 
emergency response situation.  A particular concern was with the development of self-regulated learning 
within the team and this was supported by interactive representations of team performance and training that 
supported the development of team compentencies.  The two emergency response scenarios involving teams 
were: nuclear power generation and an underground railway in Spain.  The second project A-TEAM (Topalis 
2001) focused on the chemical industry, transportation of hazardous materials and fire-fighting.  Within A-
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TEAM the focus was on individual learning under stress.  Five emergency response scenarios were 
examined: transportation accidents on UK and Italian Chemical sites, chemical spillage in a major 
Portuguese river, and Swiss fire-fighters response to a train accident involving chemical fire in a tunnel in the 
Alps.  These seven simulation-learning environments are used to discuss how the theory can be put into 
practice.  From a pedagogical perspective, three mutually reinforcing issues are important: active exploration 
of the domain, interactive graphical displays that provide feedback in the form of an analysis of performance, 
and support for self-regulated learning so that the individual or team can become reflective practitioners and 
learn from experience.  A detailed understanding of cognition, the cognitive demands of the domain and the 
cognitive resources available including the cognitive effects of stress are also important.  This should all be 
considered within the organisational and social context of training. 
2. DECISION-MAKING UNDER STRESS 
The nature of emergency response situations is that they are inherently stressful and that decision-making can 
suffer as a result of this stress however it is important to remember that small amounts of stress can also 
result in improved performance.  Training designed to alleviate stress goes some way to mitigating the effects 
of stress and preparing individuals and teams to cope with the stress of the situation.  In this section, seven 
issues are highlighted that should be considered by designers. 
2.1 Training under Stress 
Research suggests that training conducted under non-stressed conditions, often, does not improve 
performance under stress (Zakay & Wooler 1984); improved performance from training conducted under 
non-stressful conditions, often, does not transfer to improved performance under conditions of stress.  This 
lack of transfer from training to real-life situations is a cause for concern.  Training is usually carried out in 
calm, quiet surroundings where there are few distractions so that learning is maximised.  This is appropriate 
for trainees to gain initial knowledge and skills but can lead to an extreme mismatch between the conditions 
under which learning occurs and the conditions under which that learning is put into practice as a result 
performance may be severely degraded.  Training needs to be provided in conditions that are as similar as 
possible to the conditions that are likely to be encountered in the real world.  This similarity will improve the 
likelihood of transfer of training and the maintenance of effective performance.   
Real-world conditions can be subject to stress from factors such as: incomplete or ambiguous 
information, time pressure, auditory overload, threat, high workload, performance pressure, a rapidly 
changing scenario, multiple information sources, a requirement for team co-ordination.  It is not possible to 
recreate the same stress factors, but it is possible to simulate some stress and recreate the real-world 
complexity of problem solving that is central to the emergency response.  Driskell carried out a series of 
experiments that suggested that training under conditions of stress was successful in reducing self-reported 
stress and enhancing performance under stress (Driskell & Johnson 1998).  Surprisingly, it was found that the 
nature of the stressor was not important as there was some benefit from having received training under stress 
that transferred to other stressors, e.g. training under time pressure led to less stress from noise, and vice 
versa.  This is important as the exact types of stress that may be encountered cannot be exactly predicted and 
there may be individual differences in how different stressors affect a person but the key point is that the 
trainee should train under stress.  
2.2 Cognitive Load Theory and Automation 
Salas et al (1996) defined stress as “a process by which … perceived demand exceeds resources” (p6).  While 
this is not the only cause of stress, excessive workload where demand on one’s mental capacity exceeds 
available resources, can be an important source of stress.  Cognitive load theory (Sweller 1994) suggests that 
the mental load can be reduced in two ways: by improving the speed of recall of critical information from 
memory, or by speeding up the reasoning process through ‘chunking’ and increased automation (Rosenbloom 
and Newell 1987, Anderson 1996).  Chunking occurs when a problem solution is reduced from multiple steps 
to one.  Improving the speed of recall of facts and procedures reduces workload and can be achieved through 
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practice.  Greater levels of automation in problem solving also result from practice.  Cognitive Load Theory 
and the ACT architecture (Anderson 1996) are among a number of cognitive architectures that emphasise the 
value of practice in achieving the transition from novice to expert performance.  Automatic skills can be 
performed rapidly with little conscious thought and therefore put less strain on working memory than 
conscious processing (Shiffrin & Schneider 1977, Kirlik et al 1998).   
Many training systems aim to reduce workload and increase automation of performance through rehearsal 
of cognitive and behavioural skills.  This is on the assumption that if a skill is over-learned then the 
individual is less likely to be distracted by novel or stressful events and less prone to some of the 
consequences of stress such as narrowing of attention.  Over-learning is frequently used in military training 
situations to reduce combat stress through the use of repetitive drills.  The intention is to develop habits than 
are less degraded by stress.  This type of training is also used in civil situations where safety is an issue and 
in sports, e.g. how to right a canoe that capsizes, safety procedures for handling high voltage electrical 
equipment (Sime & Leitch 1993).  Tasks such as these can become well rehearsed and automated requiring 
less conscious control thereby freeing up higher level processing for meta-cognitive processes such as 
reflection, monitoring and evaluation of one’s own actions – activities that are especially important in an 
uncertain and rapidly changing scenario. 
2.3 Narrowing of Attention and Task Prioritisation 
Analysis of accidents suggests that during periods of high workload there is a tendency for attention to be 
focused on a limited number of tasks.  This reduces workload but may mean that attention is not focused 
appropriately, and this is what happened during the 1972 crash of an Eastern Airlines L-1011 in the Florida 
Everglades.  It has been suggested that the crew were over preoccupied with a malfunction of a landing gear 
light to the exclusion of monitoring other critical tasks with the result that they flew the aircraft into the 
ground.  Johnston et al (1997) suggested the use of simplifying heuristics, or principles, for task prioritisation 
that can support the decision-making process by reducing the time required to make decisions while helping 
maintain appropriate prioritisation of tasks. Training that allows the practice of task prioritisation under 
stressful conditions is another way of reducing workload stress.  Stress may also result from having to make 
decisions about prioritisation of tasks, and heuristics provide a means of coping with this stress.  This 
narrowing of focus of attention that can occur in stressful situations may also affect social interactions within 
teams as priorities change. Stress may also result in changes in social behaviour, such as a loss of team 
perspective, and this may be important in team situations.  Team training will be discussed further below. 
2.4 Controlling Emotion and Fear of the Unknown 
Stress from the unknown can be an issue in emergency response fields where incidents are infrequent and 
rarely encountered, e.g. nuclear power industry.  This type of stress can be reduced by increasing knowledge 
and awareness of emergency response scenarios and improving understanding of the evolution of incidents.  
This can be done through simulated scenarios, case studies of past incidents, information on hazards, and 
interactive simulations that show how incidents evolve.  Increased familiarity can reduce the stress of the 
unknown and it can increase confidence in dealing with the emergency.  Information about what stressors to 
expect in an emergency is also important.  By being informed of possible sources of stress, and in how to 
cope with these sources of stress, trainees can gain confidence and awareness of the effects of stress on 
performance.  Cognitive control strategies can be used to reduce the effects of distracting or dysfunctional 
thoughts and emotions, e.g. training individuals to regulate emotions.  Biofeedback training to control 
physiological responses can be effective in reducing stress, e.g. in alleviating space motion sickness 
(Cowings & Toscano 1982).  Tryon (1980) argued that many of these techniques are ineffective for 
improving performance although they do give some control over physical and emotional responses to stress.  
Cognitive components of stress seem to be more directly related to performance.  Singer et al (1991) found 
that attentional training was effective in improving performance when participants worked under noise stress.  
This included training to refocus attention after distraction and practice in performing in a stressful 
environment. 
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2.5 Coping with the Unknown 
Automation of performance can be used to drill into trainees a single response to an emergency situation and, 
in many cases this is the best method of training.  This rigidity of response is part of its power, speed and 
robustness under conditions of stress, however there is a loss in flexibility of reasoning that may have 
disastrous consequences should the conditions vary.  Emergency management requires practice in decision-
making but not repeated practice in making the same decision.  Variation is required in order to develop 
flexibility in the reasoning process.  Spiro & Jehng (1990) proposed Cognitive Flexibility Theory (CFT) as a 
method of avoiding this rigidity of reasoning and as a way of developing flexible reasoning patterns capable 
of dealing with novelty in situations.  CFT suggests that training should expose the trainee to a range of 
situations so that they may develop flexible knowledge structures.  In professional practice there are usually 
many opportunities to experience situations that vary only slightly.  CFT suggests that this experience, 
normally gained through working practice, is incorporated into training.  This also has the benefit of 
increasing familiarity and reducing stress.  Cognitive Flexibility Theory goes on to suggest that multiple 
problems should be presented within the one scenario with a number of variations thereby preventing the 
knowledge from becoming too fixed and inflexible.  Variation can be introduced into emergency scenarios by 
changing the type of incident involved but also by changing many factors in the evolution of the incident.  
This variation of parameters used to simulate events can help the trainee gain a better understanding of the 
simulated scenario.  Even the performance of the trainee can provide variation in the scenario as early 
intervention can prevent an incident from getting out of control, or from escalating from a small-scale on-site 
incident to a major incident requiring the intervention of outside agencies. 
2.6 Building Confidence and Ability 
Training is about development of appropriate skills and knowledge to perform the task, but it is also about 
attitudes and building confidence in the ability to perform within a stressful environment.  Dweck (2003) 
emphasises the importance of developing a sense of mastery during training so that individuals develop 
positive expectations of their ability to perform.  Mental practice, or the cognitive rehearsal of a task, is 
frequently used in sports but also where an emergency management team mentally works through the 
response to a major accident scenario, discussing roles and responsibilities, reminding themselves of key 
procedures and identifying possible problems (Stolk et al 2001).  This type of exercise has the effect of 
increasing confidence in ability to handle the emergency, improves familiarity with the situation and 
improves team co-ordination and understanding of roles and responsibilities within the scenario but it does 
not have a sense of time pressure so is not a suitable method for practicing reasoning and developing 
expertise in decision-making.  It does provide crucial training in teamwork and in the identification of 
problems with existing procedures including communication and resource management issues. 
Keinan (1988) suggested that stress training is only effective when the trainee experiences a sense of 
mastery.  Those who are confident in their ability to perform under stress are less likely to suffer the effects 
of stress in a real situation.  Dweck (2003) studied conceptions of ability and intelligence and the 
implications for motivation.  The relevance, here, is in the development of attitudes towards self-
improvement (and development of one’s own ability) and motivation.  Dweck’s research suggests that if a 
person has a view of intelligence as fixed, they build a meaning system that “revolves around measuring and 
validating their level of fixed intelligence” (p15), on the other hand, if they have a view of intelligence as an 
expandable quality, they develop a meaning system that “revolves around process, e.g. around effort, 
strategies and learning” (p15).  Those with a fixed view, see failure as implying lack of intelligence or ability.  
Those with an incremental view of intelligence and ability believe that effort can be used to compensate for 
lack of ability, and can be used to increase ability.  People with this latter view are more likely to develop 
remedial strategies to overcome their deficiencies.  These are the people who are more likely to become 
lifelong learners, a key feature of expertise. 
So, confidence is about building up experience of performance in a realistic scenario and about being sure 
of one’s ability to be able to handle an emergency situation.  This underlines the importance of providing 
appropriate training that enables practice in emergency response and in the decision making process not just 
training in recall of the knowledge required.  
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2.7 Teamwork 
Teamwork is important in emergency response situations that involves more than one person within an 
organisation and, depending on the size of the incident, may involve co-operation with other teams such as 
fire, police and other emergency services.  Within the military, teamwork is a crucial part of training and the 
requirement to work with other organisational teams is also important, for example, training in 
communication of plans and recognition of other forces tanks to avoid ‘friendly fire’ incidents during US-UK 
joint activities in Iraq.  There are several aspects to team training and to working together as a team: team 
leadership, team cohesion or sense of identity and team competencies, i.e. performance.  Driskell and 
Johnston (1998) found that stress causes a narrowing of team perspective and a loss of team identity.  They 
found that those teams with training in teamwork performed better under stress and maintained a broader 
team perspective that those that did not receive teamwork training.  If a team has a strong sense of identity 
and has been trained to work together then they will be able to withstand stressful situations better and will 
have more confidence in their collective ability. 
Learning to work together efficiently as a team is a complex process in that each team member has a 
different view, or perspective on the emergency situation.  Members of a team interact dynamically, 
interdependently and adaptively towards a common goal and each member has a defined role to play. In 
teams involved in emergency management, Dowell (1995) identified four key factors that influence 
performance: communication between team members, planning, plan interpretation, and knowledge of tasks 
and roles of team members.   Empirical studies by other researchers also acknowledge the importance of 
these factors.  Salas et al (1992) suggest that successful team performance is characterised by control and co-
ordination skills (Stout et al 1990), ability to verbalise plans (Lassiter et al. 1990), and ability to generate 
mutually intelligible explanations of events (Rouse et al 1992).  Rouse et al (1992) believe that the 
negotiation of explanations of unfolding events is a key activity and constitutes much of the communication 
among team members.  Sime et al (1999) place a similar emphasis on communications as the key to team 
performance, suggesting that team training should ensure that all members of the team share the same mental 
model of the emergency situation.  There are many aspects to team training, for example, training can 
consider compensatory behaviours, i.e. where one team member can compensate for lack of action by another 
(Dobson et al 2001).  Cannon-Bowers et al (1995) distinguish taskwork, i.e. the skills to do the job, from 
teamwork, i.e. those skills required to interact with team members – skills that are largely independent of the 
task.  They suggest that teamwork includes: adaptability, situational awareness, performance monitoring, 
interpersonal skills, co-ordination, communication, assertiveness and decision-making.   
Training in teamwork can be used to develop a strong sense of identity within a team to make 
performance more robust, but it can also be used to enhance performance through improving mastery levels 
and confidence in the joint ability of the team to perform under stressful conditions.  Teamwork is especially 
important for the integration of new members into a team.  It is important to remember that there are 
additional skills required to work as part of a team and that they benefit from practice, where practice is 
provided in working as part of a team. 
3.  PUTTING THEORY INTO PRACTICE 
Within the A-TEAM DNV training system for emergency response management on a chemical site in the 
north east of England, it was possible to introduce stressors commonly found in the workplace to make the 
simulated scenario as realistic as possible.  This included an alarm bell that provides noise and an animated 
flashing light signaling the emergency situation, and time in the form of a clock (analogue and digital 
displays) on-screen.  However, the time pressure came from the real-time simulation and the trainee’s 
understanding that if the incident is not resolved quickly the situation will escalate.  The ability to predict the 
potential hazards and the consequences of intervention is crucial to the decision making process.  Real-time 
simulations are used to help learners develop their decision-making skills including prediction of the dangers 
surrounding the situation. Simulations are used to model the atmospheric dispersion of toxic gases, 
infiltration into the soil, ground and surface waters, or the modelling of explosions or fire.  Through 
geographical information systems and graphical visualisation tools the output from the simulations can be 
overlaid on maps of the area so that learners can see a simulation of the evolution of the incident and learn to 
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predict health and environmental impacts.  For example, if the chemical could potentially explode, turn into a 
jet flame or BLEVE (Boiling Liquid Expanding Vapour Explosion), then the trainee should be aware of 
potential risk to fire-fighters, site personnel and members of the public within the projected area of impact.  
The trainee is able to gain a better understanding by exploring the environment, varying the initial inputs to 
the simulation. 
The second area relates to automation.  The A-TEAM simulation learning environment requires the 
trainee to manage an emergency scenario where there is a leak of hazardous material from a tanker at a major 
chemical site.  On-site personnel must first attempt to contain and control the incident and if necessary call 
on the assistance of local fire fighters, police and other emergency services.  There are two elements to the 
training system, a multimedia tutorial and the simulated emergency environment (McCracken & Sime 2002).  
Automation can be achieved in both parts of the training system, first by practicing the application of 
knowledge necessary to manage the emergency scenario and second by automation of knowledge about 
hazardous materials.  Through the tutorial mode, the trainee can access interactive exercises to practice topics 
such as identification of hazards materials.  Training to identify symbols and their meaning, quickly and 
accurately is relatively simple and can provide large returns in terms of reducing workload.  This enables the 
focus of attention to be maintained on high-level decision making activities. 
The third area identified is concerned with training in task prioritisation.  The A-TEAM DNV learning 
environment enables practice in the application of 3 key principles that determine the priorities that should be 
applied during decision making.  The priorities are to save human life, to safeguard the environment and to 
reduce cost.  The teaching of principles clarifies potential sources of conflict and enables quicker decision-
making. 
The fourth area relates to reducing stress by increasing familiarity through knowledge and experience.  
The learning environment itself increases knowledge by enabling practice at decision-making but it also 
provides an important role in increasing familiarity by using lots of photographs and video clips of local 
firefighters, the local plant and equipment.  This means that trainees become familiar with the location and 
identification of equipment.  The simulation-learning environment provides access to on-line versions of the 
usual resources available in the working environment, e.g. material safety data sheets, emergency plans.  This 
means that the trainee becomes familiar with accessing the reference materials and using them in an 
emergency.  The environment also includes a tutorial on stress management to make the trainees aware of the 
potential stressors in the environment before they encounter them.  This familiarity and awareness of 
stressors can reduce stress by increasing familiarity.  Another methods of increasing familiarity is through 
exploration of the simulations and thereby making the trainees more familiar with the potential escalation of 
an incident.  Case studies are also available detailing real emergencies, for example the BLEVE is a type of 
explosion that is not well understood by emergency responders.  Through the use of photographs and 
explanations of the events leading up to a BLEVE, the trainee can learn the importance of preventing 
escalation of incidents. 
The fifth area concerns the development of flexible reasoning crucial to the handling of novel situations.  
Cognitive flexibility theory (CFT) suggests that knowledge is acquired from multiple sources and so using 
case studies and discovery learning from the simulations enables the trainees to gain a better understanding of 
BLEVEs and the evolution of incidents.  CFT also suggests that to develop flexible reasoning you should 
practice on incidents that are never identical but vary in some way.  The A-TEAM training systems are all 
based on real time simulations that vary depending on the weather, as well as the chemical on fire.  The 
system includes modelling of atmospheric dispersion of toxic gases, infiltration into soil, ground and water 
surfaces and the modelling of fire and explosion.  Alterations can be made to the simulations so that different 
initial variables are used, e.g. change the chemical, its mass and the radiation levels.  Exploring the 
consequences of incidents with different initial variable contributes to the development of flexible 
knowledge. 
The sixth area concerns mastery and confidence in one’s ability to handle an incident.  This can be 
achieved by practice and successful resolution of an emergency incident.  In order to achieve mastery and to 
build confidence the trainee must be able to understand and resolve a range of incidents.  Within the A-
TEAM learning environments, this is achieved through practice with the support of a human tutor to praise 
and provide feedback.  Within the ETOILE team learning environments, this was provided through graphical 
feedback that is an analysis of performance according to the type of communications between team members 
(Dobson et al 2001, Sime et al 2001).  This feedback enables team members to reflect on performance and 
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identify areas for improvement without the need of a tutor.  This reflective ability is vital to the success of top 
emergency teams handling rare situations such as the nuclear incident team scenario addressed in ETOILE. 
The seventh area concerns team training, the focus of the two ETOILE simulation learning environments.  
Within the ETOILE Metro Bilbao learning environment, each team member has access to a particular view 
of the scenario.  The team, including the control room, the train driver and emergency services personnel, 
must learn to work together to communicate information about the incident and to execute a response to the 
emergency.  No matter how good an individual is within their own field, there is still a need to learn to work 
together.  For example, good team members are able to anticipate requests and have information ready when 
it is requested thus reducing possible delays. 
4.  CONCLUSION 
The impact of stress on performance is important in many fields: in industry, in the military, in aviation, and 
in sports.  To enhance effective performance in high stress decision-making situations, a pedagogical 
framework for design has been proposed in which seven ways of reducing stress have been identified.  
Illustrations of how to implement these suggestions have been provided to support the transfer from theory 
into practice in the design of simulation learning environments.  The seven ways to reduce stress are to: 
1. Reduce stress from distractions by training under realistic levels of stress.   
2. Reduce workload by practice to increase automation. 
3. Reduce the effects of stress on attention by training in task prioritisation. 
4. Reduce stress from the unknown by increasing familiarity through knowledge and experience. 
5. Reduce the stress of new situations by increasing flexibility of reasoning. 
6. Reduce stress from lack of confidence by improving mastery through practice. 
7. Reduce the stress of working with others by team training. 
These seven suggestions for reducing stress cannot be used in isolation without an understanding of the 
cognitive effect of stress on decision-making performance as they are not tactics but high level strategic 
decisions that must be made by the designer having significant impact on the design of the learning 
environment.  However, this cognitive framework is not the only factor to take into account in design of a 
training system for emergency response management.  During evaluation of the UK Demonstration Training 
System developed in the A-TEAM project, an issue arose concerning organisational attitudes towards risk.  
Minor incidents regularly occur on chemical sites and the vast majority is successfully resolved in their early 
stages, however, seeing emergency response teams in action becomes normal to the workforce.  This may 
affect attitudes towards risk leading to a suppression of awareness of that risk.  Awareness of risk is both 
useful and necessary when performing duties in a high-risk environment in order to ensure due care and 
attention is given to the task.  On the other hand, if awareness of that risk is constantly in mind then it is a 
distraction that results in a highly stressed employee not working at peak performance.  Mearns and Flin 
(1995) observed workers exposed to high-risk environments in the oil industry noting that those who felt the 
least safe had the highest accident rates.  Thus the normalising of risk can have a beneficial effect in reducing 
stress and lead to a reduction in accidents.  This illustrates another important factor to remember, that it is not 
just the cognitive effects of stress that are important to the individual but the organisational context and 
attitude to risk that can also affect the workforce. 
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